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Edited by Judit OvadiAbstract Active Ca2+/calmodulin (CaM)-dependent myosin
light chain kinase (MLCK) plays an important role in the pro-
cess of MLC phosphorylation and consecutive smooth muscle
contraction. Here, we propose a mathematical model of a de-
tailed kinetic scheme describing interactions among Ca2+,
CaM and MLCK and taking into account eight diﬀerent aggre-
gates. The main model result is the prediction of the Ca2+ depen-
dent active form of MLCK, which is in the model taken as
proportional to the concentration of Ca4CaM Æ MLCK complex.
Wegscheiders condition is additionally applied as a constraint
enabling the prediction of some parameter values that have not
yet been obtained by experiments.
 2005 Published by Elsevier B.V. on behalf of the Federation of
European Biochemical Societies.
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Mathematical model1. Introduction
Activation of myosin light chain kinase (MLCK) by the
Ca2+/calmodulin (CaM) complex aﬀects the phosphorylation
of the myosin light chain (MLC). MLC has an important role
in smooth muscle contraction and other cellular processes
linked to secretion and contraction [1]. According to a generally
accepted theory an increase in cytosolic Ca2+ concentration
([Ca2+]) initiates Ca2+ binding to four binding sites of CaM.
Then the Ca4CaM complex interacts with MLCK [2,3].
According to experimental results, the activity of MLCK deter-
mines the rate and extent of MLC phosphorylation, which in
turn results in a greater velocity of contraction due to an in-
crease in the actin–myosin cross bridge cycling rate [4–6]. More
rapid contraction of the airway smooth muscle has been sug-
gested as an explanation for clinically evident impairment of
normal stretch-induced relaxation in asthmatics [7].Abbreviations: CaM, calmodulin; MLCK, myosin light chain kinase;
MLC, myosin light chain; CaMKII, calmodulin kinase II
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that not only Ca4CaM but also Ca
2+-free CaM or Ca2CaM
complexes can interact with MLCK [8,9]. Moreover, it has
been reported that the tight binding of CaM to MLCK in
the tissue does not require any Ca2+ bound to CaM [10]. At
low [Ca2+], MLCK is present in complexes with Ca2+-free
CaM and Ca2CaM. In the latter complex, Ca
2+ is bound to
the C-terminal of CaM since the aﬃnity of these binding sites
is increased by the presence of MLCK in the complex [10]. Nei-
ther of those two complexes is capable of activation of the
MLCK [10,11]. In accordance with these ﬁndings, the Ca2+/
CaM activation of MLCK appears at suﬃciently high Ca2+
levels, when in addition to the C-terminal binding sites, the
N-terminal binding sites for Ca2+ on CaM are saturated as
well. This induces an additional conformational change trans-
mitted to activation of MLCK [4,10,11].
Here, we propose a model of a detailed kinetic scheme of
interactions among Ca2+, CaM and MLCK that takes into ac-
count diﬀerent binding states of CaM with respect to the N-
and C-terminal binding sites for Ca2+ and the binding site
for MLCK. The mathematical model for the proposed kinetic
scheme includes 24 kinetic constants in which the most recent
and novel characteristics of binding properties between those
species are reﬂected. Most of the parameter values are directly
or indirectly based on experimental results, and some of them
are predicted using the model constraints. The main purpose of
constructing such a detailed model is to theoretically predict
the concentration of active form of MLCK in dependence on
[Ca2+]. The model results are compared with the recently pub-
lished quantitative measurement of Ca2+/CaM binding and
activation of MLCK [12]. Moreover, a detailed kinetic scheme
enables an insight into how the various parameters governing
individual reaction steps can aﬀect the active form of MLCK.
So, the robustness of the model is examined by applying an or-
der of magnitude diﬀerences in the model parameter K2 which
represents the dissociation constant of MLCK for Ca4CaM. In
this way, the eﬀect of phosphorylated MLCK on the model
predictions is simulated as well.2. Materials and methods
A theoretical approach is used for analyzing the interactions among
Ca2+, CaM and MLCK. The study is based on the mathematical
model derived from the kinetic scheme of interactions presented in
Fig. 1. In that ﬁgure and throughout the paper CaM representsation of European Biochemical Societies.
Fig. 1. Kinetic scheme of interactions between Ca2+, CaM and
MLCK. For symbols, see text.
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the N- and C-terminal of CaM, respectively, each occupied with a pair
of Ca2+ ions, the subscript M represents the binding site on CaM occu-
pied by MLCK, whereas an underscore (_) represents an unoccupied
state at CaM for each of the above-mentioned binding sites. ki and
ki are the on and oﬀ rate constants, respectively. For example, the
symbol CaMN_M represents the Ca2CaM Æ MLCK complex with two
Ca2+ ions bound to the N terminal of CaM.
Taking into account that there exist three independent binding sites
on CaM, each of which may be empty or occupied, there exist 23 dif-
ferent species. In the scheme each of them is placed in a corner of the
cube and connected with its three neighbors by the three two-way reac-
tions along the edges of the cube. Thus, there are 12 diﬀerent reactions
with 24 rate constants in total.
There are nine variables in the mathematical model: All diﬀerent
states of the CaM molecule are represented by eight variables and
the free MLCK concentration is another one, whereas [Ca2+] is consid-
ered as a parameter. We take into account the conservation relations
(1) and (2) for CaM and MLCK concentrations, respectively, by which
the number of the ﬁrst-order ordinary diﬀerential equations describing
the time evolution of the system reduces to seven equations, numbered
(3)–(9):
½CaM  ¼ ½CaMtot  ð½CaMNC  þ ½CaM CM þ ½CaM C 
þ ½CaM M þ ½CaMN  þ ½CaMN M þ ½CaMNCMÞ ð1Þ
½M  ¼ ½M tot  ½CaM CM þ ½CaM M þ ½CaMN M þ ½CaMNCMð Þ
ð2Þ
d½Ca CM
dt
¼ k1½Ca2þ2½Ca CM þ k1½CaMNCM þ k4½M ½CaM C 
 k4½CaM CM þ k5½Ca2þ2½CaM M  k5½CaM CM
ð3Þ
d½CaMNC 
dt
¼ k2½M½CaMNC  þ k2½CaMNCM
þ k3½Ca2þ2½CaM C   k3½CaMNC 
þ k ½Ca2þ2½CaM   k ½CaM  ð4Þ7 n 7 NCd½CaM C 
dt
¼ k3½Ca2þ2½CaM C  þ k3½CaMNC   k4½M
 ½CaM C  þ k4½CaM CM þ k6½Ca2þ2½CaM 
 k6½CaM C  ð5Þ
d½CaM M
dt
¼ k5½Ca2þ2½CaM M þ k5½CaM CM þ k9½M
 ½CaM   k9½CaM M  k12½Ca2þ2½CaM M
þ k12½CaMN M ð6Þ
d½CaMN 
dt
¼ k7½Ca2þ2½CaMN  þ k7½CaMNC  þ k10½Ca2þ2
 ½CaM   k10½CaMN   k11½M½CaMN 
þ k11½CaMN M ð7Þ
d½CaMN M
dt
¼ k8½Ca2þ2½CaMN M þ k8½CaMNCM þ k11½M
 ½CaMN   k11½CaMN M
þ k12½Ca2þ2½CaM M  k12½CaMN M ð8Þ
d½CaMNCM
dt
¼ þk1½Ca2þ2½CaM CM  k1½CaMNCM
þ k2½M½CaMNC   k2½CaMNCM
þ k8½Ca2þ2½CaMN M þ k8½CaMNCM ð9Þ
The steady states of the system variables with respect to diﬀerent [Ca2+]
are found by integration of the dynamical system at the initial condi-
tion [CaM___] = [CaMtot] until the relative changes in all variables over
103 time steps are smaller than 106. Integration is carried out in
Berkeley Madonna 8.0 with the Runge–Kutta 4 integration method.
The numerical simulations show that the steady-state values are at-
tained in a monotonic or biphasic way. This is understandable because
the steady state is here a thermodynamic equilibrium state.
In our model, we take into account binding of two Ca2+ ions to
CaM, hence, the on-rate constant is deﬁned as ki ¼ ki=K2i , where
ki is the oﬀ-rate constant and Ki is the dissociation constant. There-
fore, the relation between the model parameter ki and experimental
values of the apparent on-rate constant kappi , deﬁned in [8,13,14] as
kappi ¼ ki=Ki; is ki ¼ kappi =Ki.
The values for the dissociation and oﬀ-rate constants can be found in
the literature, although for some reaction steps the data were limited.
The unknown values were predicted by applying the so-called detailed
balance or Wegscheiders condition valid in closed reaction systems
[15,16]:
Y
j
Kj ¼ 1; ð10Þ
where Kj denotes either Ki or K
2
i , depending on the reaction consid-
ered. The ﬁrst one corresponds to the binding of MLCK to CaM
and the second one to the binding of two Ca2+ ions to CaM,
respectively. For the subsequent analysis, we introduce the notation
K2i ¼ Ki .
The kinetic scheme (Fig. 1) involves six basic closed cycles around
each of the cubes planes. To all of these, Wegscheiders condition
can be applied. All other more complex cycles are only a superposition
of the former ones. The equations describing all six closed cycles are:
K11 K2K

3K
1
4 ¼ 1; K11K8K12K51 ¼ 1;K12 K8K11K17 ¼ 1;K31K7K10
K6
1 ¼ 1;K14 K5K9K61 ¼ 1;K19 K10K11K121 ¼ 1. Importantly, they
can be reduced to ﬁve equations due to the conservation of total
[CaM]. This follows from the reasoning that there are 12 reactions
and seven independent concentration variables in the cube and the
number of degrees of freedom in ﬂuxes equals the diﬀerence between
these two values [15]. Using Wegscheiders condition we express the
parameters K4, K

5, K9, K

10 and K11 as the unknown quantities. Con-
comitantly, by taking into account the known values of the corre-
sponding oﬀ-rate constants and the on-rate constants were
calculated. Due to lack of information, for the value k11 (see Table
2) a similar value was taken as in all reactions considering the binding
of MLCK to CaM.
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are, in many cases, very diverse, as the experiments are often per-
formed on peptides containing a core CaM binding sequences of the
smooth- or skeletal-muscle MLCK and sometimes even on a geneti-
cally engineered CaM with binding properties much diﬀerent from na-
tive CaM [8,9,14,17–21]. Generally, Ca2+ binding to CaM that is
complexed with MLCK is studied in much more detail in the cases
when the full-length protein is replaced by the CaM target peptide of
that speciﬁc protein; nevertheless our model parameters resemble the
properties of intact MLCK. Furthermore, parameter values emerge
from diﬀerent experiments, and, in the model, the equilibrium con-
stants are subject to the Wegscheiders condition (note that a change
in one parameter aﬀects at least one other parameter due to this con-
straint). Therefore, a direct transfer of the parameter values from the
references into our model has to undergo an additional tuning of the
values. A complete and coherent set of the model parameters and their
values is presented in Tables 1 and 2. It is based on the study of kinetic
properties of interactions among Ca2+, CaM and MLCK, experimen-
tal observations of which are given in the references listed also in Ta-
bles 1 and 2. These kinetic properties are summarized in the following:
 The MLCK aﬃnity for Ca4CaM is in the nM range, whereas the
aﬃnity for Ca2CaM is lower. A typical Kd value of unphosphory-
lated MLCK for Ca4CaM is around 1 nM [9,17,19,22,23]. Refs.
[24,25] reported a 10-fold smaller Kd. In the reference state of our
model K2 = 1 nM; K4 and K11 are approximately 5-fold larger.
 The intact full-length MLCK increases an apparent aﬃnity of CaM
for Ca2+ to a signiﬁcantly smaller extent than does isolated target
peptide [14]. In our model, the apparent aﬃnities were calculated
for the reaction schemes presented on the corresponding right
and left vertical planes in the kinetic scheme in Fig. 1 and they diﬀer
8-fold (calculation not shown). This is signiﬁcantly smaller than the
44-fold diﬀerence reported for smooth-muscle MLCK-peptide [14].
 The C-terminal aﬃnity for Ca2+ in the absence of MLCK is
approximately 1.5 lM and is approximately 2–4 times higher than
for the N-terminal [8,26]. Note that K6 = K7 = 1.46 lM and K10/
K6  1.9. In the presence of MLCK, the C-terminal aﬃnity for
Ca2+ is approximately 10-fold lower [8]. Note that K6/K5 = K7/
K8  14.6.
 Ca2+ apparently binds approximately 70-fold faster to the N-termi-
nal than to the C-terminal [8,27]. Note that
kapp6 =k
app
10 ¼ kapp7 =kapp3  69. The presence of MLCK slows down the Ca2+ dissociation from the
C-terminal by approximately 30–50 times [8,9] (k7/k8 = k6/
k5 = 30) and from the N-terminal by 140–225 times [8,14] (k3/
k1 = k10/k12 = 200).Table 1
Model parameters concerning Ca2+ binding to CaM
i Ki (lM) Ki ðlM2Þ ki (lM2 s1) ki [s1] References
1 0.365 0.133 30.0 4.00 [9,17,19]
3 2.83 8.00 100 800 [8,9,13,18,20,
26,27,32]
5 0.10 0.010 20 0.20 [8,9]
6 1.46 2.14 2.80 6.00 [8,9,13,18,20,
27,32]
7 1.46 2.14 2.80 6.00 [8,9,13,18,20,
27,32]
8 0.20 0.040 5.0 0.20 [8]
10 2.83 8.00 100 800 [8,9,13,18,20,
27,32]
12 0.182 0.0333 120 4.00 [27]
Table 2
Model parameters concerning MLCK binding to CaM
i Ki (lM) ki (lM
1 s1) ki (s
1) References
2 0.001 1000 1 [9,17,19,22–25]
4 0.060 1000 60 [9]
9 12.8 910 11700 [9,21,28]
11 0.054 840 45 (see text) In the presence of MLCK, Ca2+ dissociates 15–30 times faster from
the N-terminal than from the C-terminal [8,14]. Note that k1/
k8 = k12/k5 = 20.
 The half-saturation constant of Ca2+ binding to the C-terminal is
approximately 1.5 lM in the absence of MLCK, whereas in the
presence of MLCK this parameter is approximately 10-fold lower
[8]. Note that K6/K5 = K7/K8  14.6.
 The eﬀect of the MLCK on the N- and C-terminal Ca2+ aﬃnities is
approximately equal [9]. Note that K6/K5  K10/K12 and K7/
K8  K3/K1.
 The MLCK aﬃnity for Ca2+-free CaM is very low compared to the
aﬃnity for Ca2CaM and Ca4CaM and is in the range
Kd = 1 lM    270 lM [9,21,28]. K9 = 12.8 lM in our model.
Following the experimental conditions in Ref. [12], we ﬁrst used 10
and 2 lM for the total [CaM] and total [MLCK] values, respectively.
This is in accordance with the concentrations measured in smooth
muscles [29–31]. It is an open question how much of the total [CaM]
is bound to proteins other than MLCK in the cell. A rough estimate
can be, that as much would remain for binding to MLCK, as there
is total [MLCK]. Therefore, we repeated the simulations with a total
[CaM] of 2 lM and compared the results.3. Results and discussion
Ca2+/CaM-dependent activation of MLCK has been studied
in terms of mathematical modeling only in few cases. In 1984
Kato et al. [33] proposed a two-step kinetic model among
Ca2+, CaM and MLCK. The approach in which the authors
considered that only the Ca4CaM complex could bind to and
activate MLCK was based on the rapid equilibrium approxi-
mation. The interaction between the Ca2+/CaM complex and
MLCK at high saturating [Ca2+] was studied theoretically
and experimentally by To¨ro¨k and coworkers [24,25] under
conditions when MLCK was either free or in a steady-state
complex with the substrate MLC. Very recently Lukas [28]
proposed a more detailed, four-step kinetic model of interac-
tions between Ca2+, CaM and MLCK. However, details such
as diﬀerent binding properties of the N- and C-terminals of
CaM were not taken into consideration. A cube-like reaction
scheme similar to ours was already proposed by Brown et al.
[9]. Their analysis was aimed at studying the various dissocia-
tion pathways of the CaM/MLCK-peptide complex, and only
ﬁve dissociation reactions were considered in their model.
Recently, MLCK activation was quantitatively examined
in vitro by a ﬂuorescent biosensor of MLCK, where a Ca2+
dependent increase in kinase activity was coincidental with a
decrease in ﬂuorescence resonance energy transfer (FRET)
[12]. A FRET signal is a measure of Ca2+/CaM binding to
MLCK, in particular of Ca4CaM Æ MLCK and probably also
of Ca2CaM Æ MLCK complexes [12]. Due to a similar depen-
dence of myosin light chain phosphorylation it was proposed
that it could be a measure of MLCK activity [12]. Addition-
ally, these data are in agreement with experimental data on
Ca2+-dependent MLCK activity [34]. In order to compare
the experimental ﬁndings with our model predictions we deﬁne
two variables, A and F, to quantify the active form of MLCK
and FRET dependence on [Ca2+], respectively. They are de-
ﬁned as:
A ¼ ½CaMNCM½Mtot ð11Þ
F ¼ ½CaMNCM þ ½CaM CM þ ½CaMN M½Mtot ð12Þ
and have values between 0 and 1.
Fig. 3. Predictions of the model variables A (solid line) and F (dashed
line) versus [Ca2+] at K2 = 0.1, 1, 10 nM, [CaMtot] = [MLCKtot] =
2 lM. All other parameter values are the same as in Tables 1 and 2.
The system reference state is represented by curves with K2 = 1 nM.
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(curves) for variables A and F versus [Ca2+] with the Ca2+-
dependent FRET signal acquired from Fig. 3A (open circles)
in [12]. The experimental data were transferred by using the
Digitizer tool in Origin 6.1. Note that the curves for F always
lie above the graph for A, as it should be because Eqs. (11) and
(12) imply F > A.
Fig. 2A shows the model predictions at two diﬀerent total
[CaM] values, 2 and 10 lM. The diﬀerence between F and A
at the same total [CaM] is remarkable, indicating that the con-
centrations of both [CaM_CM] and [CaMN_M] species is non-
negligible. This is in favor of the presence of Ca2CaM Æ MLCK
complexes already at low [Ca2+] [8,10]. Fig. 2A also indicates
that the best match to the experimental data based upon
in vitro FRET experiments [12] is that one with [CaMtot] = 2
lM. The parameter values presented in Tables 1 and 2 and
the total concentrations of [CaM] and [MLCK] equal to
2 lM thus represent the reference state of the model.
It is worthwhile emphasizing that the curves were not ﬁtted
to the experimental data. They are predictions of the model
that emerge from adjustment of the parameter values and their
ratios within the reasonable range of known experimental
data. The parameter values reﬂect the properties of smooth-Fig. 2. Predictions of the model variables A (solid line) and F (dashed
line) versus [Ca2+]. (A) At the total [CaM] of 2 and 10 lM, K2 = 1 nM.
(B) At K2 = 0.1, 1, 10 nM, K4 = 6, 60, 600 nM, K9 = 1.28, 12.8,
128 lM, K11 = 5.4, 54, 540 nM, respectively, [CaMtot] = [MLCKtot] =
2 lM. Experimental data (open circles) from Fig. 3A in [12].muscle MLCK rather than of MLCK-peptide analogues or
other MLCK isoforms although some of them were consulted
in adjusting the parameter values. Constraints like the Weg-
scheiders condition and some ratios between certain parame-
ter values were applied to preserve the relations between the
values, and some unknown parameter values were also pre-
dicted (Tables 1 and 2).
The present mathematical model of interactions between
Ca2+, CaM and MLCK explicitly ignores the presence of the
substrate MLC, its phosphorylation and the phosphorylation
of CaM and MLCK. These simpliﬁcations restrict the applica-
bility of the model predictions in discussing experimental
observations in vivo as well as in vitro. In the following, the
eﬀect the model parameter K2 has on the model predictions
will be discussed. In our model scheme, the parameter K2 rep-
resents the dissociation constant of MLCK for Ca4CaM.
There is a diversity of values of this dissociation constant re-
ported in the literature; values around 0.1 nM [24,25] and in
the range between 0.5 and 1 nM [9,17,19,22,23] are given for
full-length MLCK, values ranging from 0.1 to 20 nM were ob-
served for interactions between Ca4CaM and MLCK-peptides
[9,24], and the values 6 and 20 nM were reported for Ca4CaM
binding to phosphorylated MLCK [19,35].
Since the equilibrium constants are subject to the Wegsche-
iders condition, a change in one-parameter value aﬀects at
least one other parameter. The selection of parameters that
are aﬀected by a change in K2 is not unique; we apply the Weg-
scheiders condition in such a way that it does not aﬀect the ra-
tios among the parameter values described in Section 2. Note
that it would not be suﬃcient to change one parameter in addi-
tion to K2 because K2 enters two cycles and because the change
in another dissociation constant aﬀects further cycles. A
change of a minimum number of constants is achieved by
expressing the parameters K4, K9, K11, K

5 and K

10 explicitly
by others, whereby only the parameters related to CaM bind-
ing to MLCK (K4, K9, K11) are aﬀected after a change in K2.
Thus, a 10-fold increase (or decrease) in K2 induces a 10-fold
increase (or decrease) in these parameter values. Fig. 2B shows
the model predictions obtained by changing the parameter val-
ues as described. The total [CaM] and [MLCK] are taken to be
A. Fajmut et al. / FEBS Letters 579 (2005) 4361–4366 4365equal to 2 lM. Signiﬁcant (2-fold) shifts in the half-saturation
values of the variable F with respect to the reference state
(K2 = 1 nM) can be observed. However, the half-saturation
values for the variable A and the maximal values for A as well
as for F are not aﬀected that much. A 10-fold increase in the
selected parameter values results in a 40% increase of the
apparent half-saturation value for variable A with respect to
the reference state, and in a decrease of maximal value of both
variables for about 5%.
The comparison of diﬀerent saturation levels of the active
form of MLCK in Fig. 2A at two diﬀerent total [CaM] of 2
and 10 lM shows that at the lower total [CaM] which equals
the total [MLCK], not all of the MLCK is activated. Similar
feature was observed in recent studies on MLCK sensor pro-
teins [12]. This system property is in our model even more pro-
nounced when the total [CaM] is lower than the total [MLCK]
(data not shown). These ﬁndings are more visible under condi-
tions of 10-fold increased K2 values (see Fig. 2B). Such a high
value (10 nM) roughly corresponds to the Kd of phosphory-
lated MLCK for Ca4CaM [19].
It is well established that protein kinase A (PKA), protein ki-
nase G and calmodulin kinase II (CaMKII) phosphorylate
MLCK (reviewed in [36]). In our model, however, phosphory-
lation of MLCK is not explicitly taken into consideration but
it can be discussed along with an order of magnitude changes
in parameter values concerning the Ca2+/CaM binding to
MLCK. This approach is oversimpliﬁed as it is known that
MLCK phosphorylation and thus Kd could be Ca
2+ dependent
as well [37]. The values for Kd reported in vivo range between 1
and 7 nM under physiological [Ca2+] [37], whereas in vitro
data reported in [35] and [19] are 6.4 and 20 nM, respectively,
under conditions of high saturating [Ca2+]. Thus, in our model,
the latter values correspond to binding of the Ca4CaM com-
plex to MLCK. As MLCK can be phosphorylated only if it
does not contain bound CaM [35,37] it is possible that the
aﬃnities of MLCK for Ca2CaM and Ca
2+-free CaM species
and thus parameters K4, K11 and K9 are aﬀected as well. It
seems therefore reasonable to raise the question how the bind-
ing of Ca2CaM species and Ca
2+-free CaM to MLCK is af-
fected by MLCK phosphorylation. Fig. 2B shows the eﬀects
of an order of magnitude changes in all these parameter values
on the active form of MLCK. However, any ﬁnal answer will
be doubtful as the inﬂuence of phosphorylated MLCK on the
parameter values K4, K9 and K11 should be clariﬁed ﬁrst.
Additionally, we present the eﬀect of changing solely K2 on
the model predictions. In principle, this procedure violates the
equilibrium Wegscheiders condition, but non-equilibrium
conditions in vivo could argue for presenting the response of
the model upon such a perturbation. In Fig. 3, we present pre-
dictions for model variables A and F by modifying the param-
eter value K2 10-fold higher and lower with respect to the
reference value of 1 nM whereby all other parameter values
are the same as in the reference state. Total [CaM] is taken
to be equal to 2 lM. The results clearly indicate that the inﬂu-
ence of K2 increases with its absolute value.
Ikebe and Reardon [35] studied MLCK phosphorylation by
CaMKII in vitro under conditions [CaM] = 20 lM,
[MLCK] = 10 lM and [Ca2+] = 100 lM, and showed that the
maximum rate of kinase activity (Vmax) was not aﬀected by
MLCK phosphorylation. The Kd of phosphorylated MLCK
for Ca2+/CaM predicted under these experimental conditions
was 6.4 nM in the absence of bound CaM to MLCK. Ourmodel simulation under conditions [CaMtot] = 20 lM,
[MLCKtot] = 10 lM and K2 = 6.4 nM indicates that all MLCK
is in its active form at high saturating [Ca2+] = 100 lM (data
not explicitly shown).
In summary, a simple view that after an increase in [Ca2+],
Ca2+ ions bind to four-binding sites of Ca2+-free CaM, and
that only the Ca4CaM complex interacts with and activates
MLCK, was recently improved and broadened by the fact that
also Ca2+-free CaM as well as all various Ca2+-bound CaM
species can interact with MLCK. Recent experiments also
show much diﬀerent rates and aﬃnities for Ca2+ binding to
CaM when CaM is associated with MLCK. In this case, the
Ca2+ binding aﬃnity to the C-terminal binding sites of CaM
is enhanced approximately 10-fold [8] and both C- and N-ter-
minal dissociation rates for Ca2+ are decreased approximately
by a factor of 30 and 150, respectively [8,9]. Following these
new ﬁndings, we here presented a novel complex kinetic
scheme of interactions among Ca2+, CaM and MLCK and
modeled it by a dynamical system. A dynamic approach is par-
ticularly important in the case when the Ca2+ input signal
would be considered as a variable. Such an approach will be
necessary as the time scale of particular reactions in the pro-
posed model is similar to the characteristic time of Ca2+ tran-
sients in cytosolic Ca2+ oscillations observed in smooth muscle
cells [38].Acknowledgments: The authors gratefully acknowledge a travel grant
from the Slovenian and German Ministries of Research and Education
(Grant Nos. BI-DE/03-04-003 and SVN 02/013, respectively) for mu-
tual working visits.References
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